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(54) Suspension device with cam support member and spring assisted height adjustment 

(57) A mechanical seat suspension inside a hous- 
ing comprises parallel scissor arms and a sup- 
port ami with a cam connected to suspension 
springs. The support arm, which carries the 
substantial majority of the seat load, has a 
height adjustment means and a cam with two 
arcuate surfaces that define an imaginary pivot 
point The use of the cam with the imaginary 
pivot point permits a more compact structure. 
Various embodiments of the support arm with a 
cam end and devices using the support arm are 
also disclosed. A shock absorber attached to 
the outside of the scissor arms dampens the 
stroke of the suspension springs connected to 
the cam. The ratio of the shock stroke travel to 
the vertical movement of the seat remains gen- 
erally linear and constant, thus producing a 
more comfortable ride. Also included is a height 
adjustment mechanism on the support arm that 
interlocks with the cam by a pivoting pawl and 
biasing spring. The height of the seat is adjus- 
ted by the relative movement of the top portion 
of the housing to the lower portion. No external 
levers, triggers, or other structures are neces- 
sary for seat adjustment The tension in the 
suspension springs is adjustable to compensate 

a for the weight of the rider. Another embodiment 
of the suspension includes a support assembly 
with two support arms that move relative to a 
© cam that can be latched in five positions. Com- 
3 pression springs connected to the support as- 
sembly and disengaging arms with a 
GO disengaging roller permit a power 
height adjustment 
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SEAT SUSPENSION WITH CAM SUPPORT MEMBER AND SPRING ASSISTED HEIGHT ADJUSTMENT 



Background Of The Invention 

The present invention relates to various suspen- 
sion mechanisms including seat suspensions with 
height adjustment such as those typically used in 
trucks and construction and fanning equipment 

There is a continuing need for suspension 
mechanisms that are simply constructed and 
inexpensive while still meeting manufacturers' ever 
increasing demands for compactness and comfort 
An additional need exists for such a device whose 
suspension and ride characteristics can be easily 
modified. 

Some seat suspensions have damping means 
such as shock absorbers. These suspensions have 
several problems. Most notably, the stroke of shock 
absorbers does not have a linear relationship to the 
vertical movement of the seat The nonlinear relation- 
ship between the stroke of the shock absorber and the 
vertical movement of the seat diminishes the perform- 
ance and ride characteristics of such a suspension 
device. 

In addition, shock absorbers or other such fluid 
devices often have difficulty dissipating heat, espe- 
cially when enclosed within a device where air circu- 
lation is not adequate. This causes both poor 
performance and a shorter life of the shock absorber. 

Other difficulties have been encountered in the 
height adjustment mechanisms of seat suspensions. 
Frequently such mechanisms are difficult to reach, 
require levers or triggers that can pinch an operator, 
and generally are complicated and expensive. Fur- 
thermore, such mechanisms can be dangerous to 
operate when a vehicle is moving and the operator 
must grope or search for the adjustment mechanism. 

Most seat suspensions are limited to a maximum 
of three height adjustment positions, which limits the 
degree of comfort that can be obtained by a driver. 
Some seats are difficult to adjust vertically because of 
the inabDity elevate the seat upward. At the same 
time, in providing a means with mechanical power to 
raise the seat, it is desirable to continue to avoid hav- 
ing difficult to reach and difficult to operate levers to 
actuate the power height adjustment 

Finally, most seat suspensions transmit the load 
from the seat to the suspension springs through steel 
bars comprising scissor arms or parallelogram lin- 
kages that carry virtually the entire-load of the seat 
These bars Interact directly with the suspension 
springs. Thus, it has been necessary for all of those 
bars to be of substantial construction, thus increasing 
the cost and complexity of such devices. Typical of 
these prior art devices include the following United 
States patents: No. 3,339,906 to Persson; No. 
3,826,457 to Huot de tongchamp; and No. 4,125,242 



to Meiller et al. 

Summary Of The Invention 

The present invention provides a less expensive, 

5 more compact and comfortable seat suspension. It 
uses an independently operating support arm with a 
cam that moves about an imaginary pivot A damping 
means that has a generally constant linear relation- 
ship to the vertical movement of the seat can also be 

10 incorporated. 

One embodiment of the suspension device dis- 
closed herein is enclosed in a suspension housing. 
The actual suspension function is provided by the 
primary support means that is a support arm that 

is pivots inside the housing. In one preferred embodi- 
ment, a secondary support for the suspension hous- 
ing typically comprises parallel scissor arms which 
guide the vertical movement of the housing and sus- 
tain a lesser amount of the forces generated by a load 

20 on the seat suspension. This occurs because the sus- 
pension means, such as extension springs, are 
directly connected to the support arm and are not con- 
nected to the scissor arms. A height adjustment 
means is part of the support arm. Attached to the sec- 

25 ondary support — the scissor arms — is a damping 
means such as a shock absorber. 

One of the objects of the present invention is to 
make a sturdy seat suspension capable of fitting the 
stringent dimensional constraints imposed by vehicle 

30 manufacturers. This is accomplished by the inde- 
pendence of the support arm from the scissor arms 
and a design which embodies an imaginary pivot 
defined by two arcuate surfaces on the cam at the end 
of the support arm. Another feature of the present 

35 invention is that it can be disassembled quickly and 
easily. Thus, the suspension and ride characteristics 
of the present invention can be easBy modified by 
changing different suspension springs and shock 
absorbers. 

40 Another object accomplished by this seat suspen- 

sion is its comfortable ride. This is due to the physical 
independence of the suspension springs from the 
shock absorber. This feature of the present invention 
permits a generally constant linear relationship be* 

45 tween the vertical movement of the seat and the 
stroke travel of the damping means. That in turn 
results in a more comfortable ride throughout the 
operational range of movement of the suspension, 
in the preferred embodiment, the location of the 

so shock absorber is outside of the scissor arms, where 
it can be exposed to more freely circulating air. Thus 
heat is dissipated from the shock absorber easily; per- 
mitting it to function more effectively and at the same 
time preventing it from wearing out as quickly as prior 
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art devices. 

One embodiment of a height adjustment mechan- 
ism is incorporated into the support arm and requires 
no lever, trigger, or other means for vertically adjust- 
ing the seat suspension device. Such features can be 
incorporated but sometimes are deemed undesirable. 
Adjustment is accomplished by pulling upwards on 
the top portion of the support housing, thus actuating 
a pivotabfe pawl and biasing spring that engage 
notches on the cam that establish various vertical 
positions. 

Another height adjustment mechanism includes 
an easfly reached and actuated lever that provides a 
power height adjustment based upon the amount of 
weight, if any, acting on the suspension. A principal 
feature of this mechanism is at least one, and prefer- 
ably two, support arms that can be spring biased rela- 
tive to a cam to accomplish the height adjustment 
When the support arms and the cam are engaged, 
they form a support arm assembly that, in combination 
with springs, maintains to support surfaces in spaced 
relation. 

Because of its cost and structural advantages, 
the support arm itself is also disclosed. The angularly 
displaceabie support arm comprises a shaft with two 
ends and is used in a suspension system that main- 
tains two surfaces in generally spaceable parallel 
relation. At one end of the arm is a cam with two 
arcuate surfaces, one smaller and one larger. These 
surfaces define a center point about which the cam 
pivots when the support arm is angularly displaced. At 
the other end of the shaft is a means for permitting 
angular displacement of the shaft as the space be- 
tween the two surfaces connected to the suspension 
system changes, i.e., at least one surface moves rela- 
tive to the other. The arm also includes a means for 
operatively connecting the shaft to the suspension 
means. 

Alternative embodiments of a more simply con- 
structed suspension system that use the support arm 
are also described. The strength and compactness of 
the support arm permit the construction of a suspen- 
sion system without the scissor arms, the damping 
means, or the height adjustment feature, although any 
one or more of these can be added. The suspension 
system comprises at least one moveable surface and 
includes the support arm with the shaft and the cam 
with the two arcuate surfaces at one end. Cam fol- 
lower means define the movement of the cam while a 
biasing means such as a spring or shock absorber 
controls the relative movement of the two surfaces 
that are maintained in spaced relation by the system. 
In suspension devices that use some form of cam 
device, with cam rollers or followers, it is desirable to 
minimize the number of cam followers because of 
their cost The present invention uses two heavy duty 
needle roller bearings as cam followers, while other 
devices use three or more. 



Description Of The Drawings 

The novel features which are believed to be 
characteristic of the invention are set forth in the 
5 appended claims. The invention itself, however, 
together with further objects and attendant advan- 
tages thereof, will be best understood by reference to 
the following description taken in connection with the 
accompanying drawings, in which: 
10 FIGURE 1 depicts a driver sitting on a seat 
attached to the top of the mechanical seat sus- 
pension; 

FIGURE 2 is a perspective view of a mechanical 
seat suspension constructed in accordance with 
15 the present invention and with external parts bro- 

ken away for better illustration; 
FIGURE 3 is an exploded view of the present 
invention; 

FIGURE 4 is a plan view of the mechanical seat 

20 suspension; 

FIGURE 5 is a side view in partial cross section 
along line 5-5 of FIG. 4 and shows the invention 
at its highest adjusted position; 
FIGURE 6 is a side view in partial cross section, 

25 similar to FIG. 5, showing the mechanical seat 

suspension in its fully loaded or collapsed posi- 
tion with the imaginary pivot located outside of the 
device; 

FIGURE 7 is a cross section along line 7-7 of FIG. 

30 5 showing the independent scissor arms and sup- 

port arm inside the housing, with the shock absor- 
ber on the outside of one scissor arm; y 
FIGURE 8 is an exploded view of the support arm 
showing in greater detail the cam and the height 

35 adjustment means; 

FIGURE 9 depicts the height adjustment means 
in an unlatched position; 

FIGURE 10 depicts the height adjustment means 
latched in an intermediate position; 
40 FIGURE 1 1 shows the height adjustment means 

reengaged in a first latched position; 
FIGURE 12 shows part of an unsatisfactory 
device in a raised position; 

FIGURE 1 3 shows the unsatisfactory device in an 
45 impossibly collapsed position; 

FIGURE 14 is a perspective view of a support 
arm; 

FIGURE 15 is a sectional view in elevation of 
another embodiment of the suspension system 

so employing the support arm; 

FIGURE 16 is a sectional elevation view of the 
spring assisted height adjustment mechanism in 
the low, unlatched position; 
FIGURE 17 is a cross sectional view of the spring 

55 assisted height adjustment mechanism in the 

highest, unlatched position; 
FIGURE 18 is a cross sectional elevation view of 
the spring assisted height adjustment mechanism 



BNSDOCID: <EP 0448340A2J_> 



EP0 448 340 A2 



in the latched position; 

FIGURE 19 is a perspective view of a seat sus- 
pension showing the parts of the spring assisted 
height adjustment mechanism; 

FIGURE 20 is a perspective view showing the s 
relationship between a support arm and cam with 
latch notches and latch pins; 
FIGURE 21 is a sectional view of the disengage- 
ment roller and roller plate taken through Section 
21 of FIG. 17; and 10 
FIGURE 22 is a plan view of the seat suspension 
and height adjustment mechanism viewed from 
the lower housing toward the upper housing. 

Detailed Description Of The Preferred Embodiment is 

Figure 1 generally depicts the mechanical seat 
suspension device 1 . The device 1 is secured to a sur- 
face 2 in a vehicle (not shown) and can be covered by 
a seat 3 with pads or springs. The driver 4 sits upon 20 
the seat 3. 

A general perspective of the present invention is 
shown in FIG. 2, while an exploded view of the device 
1 is depicted in FIG. 3. Preliminarily the larger con- 
stituent parts of the device 1 will be discussed, after is 
which the individual pieces will be examined in detail, 
and then the method of operation of the device 1 will 
be explained. 

The housing for the device 1 consists of a lower 
portion 1 0 and upper portion 20. In this instance each 30 
portion is a solid plate with transversely bent or wel- 
ded edges; however, a substantial framelike structure 
would also perform satisfactorily. Connected to the 
housing are parallel pairs of scissor amis 35, each 
pair being denoted 35A and 35B respectively. One 35 
end of the scissor arms 35 is connected to the upper 
and lower housings 10, 20 by shaft bearing tubes 36 
and 38 welded to scissor arms 35. Threaded shafts 42 
and 44 pass through holes 43 at the ends of lower and 
upper housings 10, 20 and the bearing tubes 36, 38. 40 
These shafts are secured at one end by nuts 46 (one 
shown) placed outside the housing. 

The other end of scissor arms 35 are welded to 
rods 37 and 39. These rods 37, 39 are covered by 
nylon roller tips 40 that roll in channels 12 and 22 of 45 
the lower and upper housings 1 0 and 20 respectively. 

It can be seen from this configuration that the 
larger components of the device can be easily disas- 
sembled from a complete structure. By removing the 
nuts 46 from the ends of the threaded shafts 42 and 50 
44, and then pulling the shafts 42, 44 free, the device 
will separate into the lower and upper housings 10, 20 
and the scissor arms 35. 

Other preferred features of the invention include 
ears 13 for attaching the upper housing 20 to a seat 55 
3. and holes 14 for securing the lower housing 10 to 
a surface 2 in a vehicle. Also attached to the scissor 
arms 35 is the damping means, such as shock absor- 



ber 25. A dog 26 is welded to one of the scissor arms. 
Rod 27, attached to dog 26, passes though a journal 
28 at one end of shock absorber 25 (Fig.3). The other 
journal 28 of shock absorber 25 is plvotally engaged 
with rod 39 (FIG. 7). The journal ends 28 can be frio 
tionally isolated from the scissor arm 35 by nylon or 
rubber washers 29 (FIG. 2). 

When only the scissor arms 35 and the housings 
10, 20 are assembled, there is no force to keep the 
upper and lower housings 20, 10 spaced apart, and 
thus without the shock absorber 25, just these pieces 
would collapse under their own weight That is to say, 
there is no horizontal force opposing rollertips 40 from 
sliding in channels 12, 22. in the assembled device 1, 
housings 10, 20 are connected to and spaced apart 
by a support arm assembly generally indicated as 60. 
One end of the support arm 60 pivots in brackets 70 
on the underside of upper housing 20 and is connec- 
ted to suspension means including springs 90. The 
other end of the support arm assembly 60 is welded 
to a transverse rod 62 with nylon end tips 64. These 
end tips 64 roll in channels 65 composed of steel 
plates welded to lower housing 10. 

The support arm assembly 60 is preferably com- 
prised of two separate pieces 60A and 60B as shown 
in Fig. 8. The curved end of the su pport arm assembly 
60 fits between brackets 70. A spring shaft 92 passes 
through bracket slots 72 and support arm slots 65. 
One set of ends of springs 90 is operatively connected 
to spring shaft 92. The other ends of springs 90 are 
ultimately secured against movement by indirect con- 
nection to the upper housing 20. 

The general concept depicted thus far 
establishes the independent mechanical operation of 
the support arm 60 and the scissor arms 35. The sup- 
port arm assembly 60 ultimately engages the suspen- 
sion means, springs 90. The scissor arms 
independently interact with the damping means, 
shock absorber 25. When a load is placed on the 
device 1 , the rounded ends 61 of support ami assem- 
bly 60 roll or pivot against cam followers 120 and 122 
secured in bracket 70, thus pulling on suspension 
springs 90. Simultaneously the motion of the springs 
90 are damped by shock absorber 25. 

Thus the pivoting support arm 60 is the primary 
support means of the device. The scissor amis 35 are 
a secondary support means that function mostly as a 
guide means for the vertical motion of the upper hous- 
ing 20. A structural analysis of the entire assembly 
when loaded would disclose that the scissor arms 35 
do transmit some vertical and horizontal components 
of force, but those components are relatively small in 
comparison with the load sustained by the. support 
ami assembly 60. Consequently, the scissor arms 
can be constructed of a less substantial and less 
costly amount of material than prior art devices. 

The support arm assembly 60 is shown in exp- 
loded view in Fig. 8. The assembly comprises the ele- 
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ments necessary to interact with the suspension 
means and the elements making up the means to 
adjust the height of the device 1 . Cam 80 fits between 
pieces 60A and 60B. Spring shaft 92 passes through 
slots 66, pieces 60A and 60B, and hole 81 in cam 80 
to secure one end of cam 80 inside the support arm 
60. Pin 83 passes through slots 67 in pieces 60A and 
60B and cam hole 82. Biasing spring 85 is pinned (not 
shown) through the coil 87 of spring 85 between 
pieces 60A and 60B with spring angle 86 fitting in 
notch 69. Pawl 95 is secured between 60A and 60B 
by pin 96 (Fig. 9) through holes 97A, 97B. 

On each outer side of support arm 60, spring end 
rollers 100 with circular notch 102 fit over each end of 
spring shaft 92 (FIG. 3). The rollers 100 are secured 
to the two ends of the shaft 92 by locking pins 1 04 (one 
shown). Springs 90 have curved ends 90A that fit in 
notch 102 (Fig. 4 in plan view). The ends of springs 
90 connected to spring shaft 92 are moveable, as will 
be explained below. The fixed ends of springs 90 are 
curved ends 90A that loop over bar 1 10 that is part of 
the suspension spring adjustment mechanism. 

As shown in FIG. 3, the spring adjustment 
mechanism consists of a threaded rod 112 threaded 
coupled to bar 110. The rod 112 extends through an 
aligning hole (not shown) in the upper housing 20. 
One end of the rod 1 12 is secured to a knob 114 out- 
side of upper housing while the other end is thread- 
ably secured by washer 1 17 and nut 1 18 to plate 116 
that abuts brackets 70. Consequently, when knob 114 
turns threaded rod 112, bar 110 moves toward knob 
114 or toward brackets 70. This adjusts the tension on 
springs 90. The force in the springs is ultimately trans- 
mitted to upper housing 20 by rod 112 and plate 116. 

The functioning of the suspension system and its 
interaction with support arm 60 will now be described. 
One of the principal features of the device 1 is a so- 
called imaginary pivot that is the center of two concen- 
tric circles defined by arcuate surfaces 80A and 80B 
of cam 80 (Fig. 9). These surfaces are always in con- 
tact with cylindrical cam followers 120 and 122 that 
are secured inside brackets 70 (FIG. 3). Each cam fol- 
lower is rotatable about a fixed axis. Referring to Figs. 
5-7, when a vertical force A is applied to the upper 
housing 20, the entire support arm assembly moves 
in a predetermined manner. Rollers 64 slide to the 
right (Fig. 5) in slots 65 (Fig. 7) and the left side of the 
support arm 60 and the cam 80 pivot counterclock- 
wise (Fig.5). This movement occurs because cam fol- 
lowers 120 and 122 are fixed relative to the position 
of brackets 70 and upper housing 20. Because 
springs 90 are connected to spring shaft 92, and fixed 
relative to upper housing 20 by bar 110, springs 90 
pull the cam 80 and the cam end of support arm 60 to 
the right The downward movement of the upper hous- 
ing 20, however, causes a counterclockwise rotation 
to the cam 80 in opposition to force A. As the cam 80 
moves, so too does the imaginary pivot move verti- 



cally through space. 

A comparison of Figures 5 and 6 demonstrates 
the circular movement of the cam 80 relative to the 
fixed locations of cam followers 120, 122. From the 
5 highest adjustment of the device 1 as shown in Fig. 
5, force A has caused the cam 80 to rotate coun- 
terclockwise to the device's lowest position in Fig. 6. 
At the same time, roller 64 of support arm 60 has 
moved further to the right, thus permitting the corn- 
to pression of the device 1. It should also be noted that 
slots 72 in brackets 70 define the same concentric arc 
as do cam surfaces 80A and 80B moving against cam 
followers 120, 122. Thus, spring shaft 92 follows the 
same arcuate motion of the cam 80. It should be noted 
is that Figures 5 and 6 represent two different height 
adjustments of the device 1. As will become clear 
below, the height adjustment mechanism of the seat 
does not change when the device 1 is loaded. Figures 
5 and 6 simply represent the two extreme configu- 
20 rations of the present invention. 

Figure 6 depicts the so-called imaginary pivot, 
which is defined by the intersecting radii of the arcs 
defined by cam surfaces 80A and 80B.The pivot is not 
fixed, except with respect to the upper housing 20, 
25 and its location varies with the vertical movement of 
cam 80 and upper housing 20. As can be seen from 
Fig. 6, the imaginary pivot can be located outside the 
body of the device 1. This feature is responsible for 
the compactness of the present invention. In the pre- 
30 sent embodiment, the collapsed height in Fig. 6 is 3 
inches, while the full height in Fig. 7 is approximately 
9 inches. 

Figures 1 2 and 1 3 show how a traditional configu- 
ration would require a greater height for the same 
35 device. To duplicate the performance of the present 
invention would require a scissor arm 330 with a force 
lever arm from pivot 300 to a point 310 collinear with 
spring 320. With this mechanical arrangement of Fig. 

12, the completely collapsed configuration of Fig. 6 
40 could not be achieved. This is demonstrated in Fig. 

1 3, where the actual height H would be 5 inches, thus 
making it impossible to bring together upper and lower 
housings 20, 10. The few inches saved in the height 
of a mechanical seat suspension can mean the differ- 

45 ence between meeting and not meeting the dimen- 
sional tolerances established by the equipment 
manufacturers who purchase such suspension 
devices. Traditionally the suspension of a device is 
determined by the lever ratio, which represents the 

so vertical displacement of the upper housing relative to 
the movement of the suspension spring. In the case 
of the present invention, the radii of curvature of the 
cam surfaces 80A and 80B are a result of the seat de- 
signer's predetermined choice of a lever ratio, which 

55 in the present device is 3:1. 

The independence of the support arm 60 from 
shock absorber 25 not only permits a more efficient 
operation of each item, it also permits a generally con- 
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stant linear relationship between the vertical travel of 
the upper housing 20 and shock absorber 25. This 
linearity results in a uniformity of performance of the 
seat, regardless of its load or height adjustment The 
preferred ratio for the travel of the seat suspension to 
the stroke travel of the damping means is approxim- 
ately 3. 

The linear relationship between the upper hous- 
ing 20 and the shock absorber 25 should not vary from 
complete linearity by more than 10 percent This is 
because the two ends of the shock absorber move in 
a substantially linear relationship to each other as the 
scissor arms move. In the prior art devices, the shock 
absorber would be attached to the upper and lower 
housings. This would result in arcuate, non-linear 
motion, and thus the vertical component of the force 
applied to the shock absorber would diminish as the 
vertical height of the suspension decreased. Here the 
force in the shock absorber 25 is independent (within 
10 percent) of the height of the seat, and is deter- 
mined only by the load on the seat. The height of the 
dog 26 determines the length of stroke of the shock 
absorber 25. A maximum amount of stroke for the 
shock is desirable. The further away from the scissor 
arms pivot 35C the rod 27 is, the greater will be the 
stroke of the shock absorber 25. This in turn will lower 
the ratio between the displacement of the upper hous- 
ing 20 and the shock 25. One of ordinary skill in the 
art will appreciate that it is not necessary for the lever 
ratio and shock ratio to be identical, and that such 
features are a result of the design requirements for a 
particular suspension device. 

Figures 9, 10, and 11 depict the operation of the 
height adjustment means. In general, biasing spring 
85 urges pawl 95 into locked engagement with one of 
a plurality of notches 1 50 on cam 80. The notches 1 50 
are defined by a plurality of teeth 1 52 and pawl engag- 
ing tooth 154. The described embodiment of the pre- 
sent invention uses three notches, each representing 
a different height adjustment Fewer or more notches 
can be used, and the disclosure of three height adjust- 
ments is merely by way of example. 

Fig. 10 depicts the adjustment means at its inter- 
mediate height. Arrow X designates the force of 
springs 90 which, coupled with the biasing force from 
spring 85, maintains the tip of pawl 95 engaged with 
notch 1 50. To raise the height of the device 1 requires 
the application of a vertical force Y on spring shaft 92, 
which can be accomplished by an upward force exer- 
ted on upper housing 20 (not shown). This causes 
support arm 60 to pivot clockwise. Rollers 64 in chan- 
nels 65 move to the left while the vertical force Y pulls 
the support arm 60 and cam 80 upward. This releases 
the locking force engaging paw) 95 and notch 150 so 
that as cam 80 is pulled upward pawl 95 slides over 
the tip of tooth 151 and into the adjacent right hand 
notch 150A (Fig. 10). 

In the described embodiment, notch 150A repre- 
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sents the highest height adjustment To lower the 
height of the device 1, additional vertical force is 
applied to the support arm 60 and cam 80 until pawl 
disengaging edge 195 contacts cam disengaging 

5 edge 180. As more upward force is applied pawl 95 
pivots about pin 96. Thus the tip 295 of pawl 95 mat 
contacts spring 85 moves from the tip 1 85 of spring 85 
into notch 285. The tip of pawl 95 that engages 
notches 150 is moved beyond the arc that cir- 

10 cumscribes teeth 151, and the height adjustment 
means is completely disengaged. 

Reengagement of the height adjustment means 
requires a downward force to be applied to support 
arm 60 and cam 80. This is done by pushing down on 

is the upper housing 20 (not shown Figs. 9-11), which 
rotates the support arm 60 counterclockwise as rol- 
lers 64 move to the right This motion eventually 
causes the tip of pawl 95 to contact pawl engaging 
tooth 154, which is larger than teeth 151. When con- 

20 tact is first made tip 295 is still held in notch 285. 
Further downward force causes pawl 95 to pivot about 
pin 96 so pawl tip 295 is relocated to spring tip 185. 
This arrangement is depicted in Fig. 1 1 f which shows 
the height adjustment means engaged in its first, or 

25 lowest, position. 

It is important to note that the geometry of the 
biasing spring 85 and pawl 95 has a special configu- 
ration and purpose. When the height adjustment 
means is in any of the three positions, or anywhere in 

30 between, rear pawl tip 295 is always located at biasing 
spring tip 185 and being urged into engagement with 
notches 150. When the pawl 95 has become com- 
pletely disengaged, as shown in Fig. 9, notch 285 
urges pivotable pawl 95 to remain in continual disen- 

35 gagement, outside the arc of teeth 1 51 , until reengag- 
ing tooth 154 engages pawl 95 into the first position. 
The detent means of pawl disengaging edge 195 and 
cam disengaging edge 180, by causing the rotation of 
the pawl 95, locates the pawt tip 295 with respect to 

40 spring tip 1 65 or spring notch 285. 

Figure 14 is a perspective view of a simplified 
support arm 560 similar in concept to the support 
assembly 60 described above. Because no height 
adjustment mechanism is incorporated into the arm, 

45 it can be made as a single structural element The 
support arm 560 includes a shaft 562. At one end of 
the shaft is cam 580, with a larger arcuate surface 561 
and a smaller arcuate surface 566. The arcuate sur- 
faces define a center point C as depicted by the 

so intersection of radii u and r 2 in FIG. 1 5. At the opposite 
end of shaft 562 from cam 580 is a means 564 for per- 
mitting angular displacement of the support arm. 
Such means could consist merely of a solid rod 564 
as shown in FIG. 14, which would slide on a surface. 

55 Alternatively the means for permitting angular dis- 
placement could be similar to the rollers 64 that slide 
in channels 65. as described earlier. Various other 
equivalents of the means for permitting angular dis- 

6 
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placement can easily be substituted. For example, the 
end of shaft 562 could merely be rounded for smooth 
sliding on a surface or could be a roller. The move- 
ment of the means 564 is generally parallel to the two 
surfaces being supported. 

A means for operatively connecting the support 
arm 560 to the remainder of the suspension system 
can be accomplished in a variety of ways. Rod 592 
can be secured to one end of a spring 600 as shown 
in FIG. 15. Other fastening equivalents such as slots, 
nuts, bolts, weldments, and the like are equally 
acceptable. 

A practical but simplified version of a suspension 
system using the support arm 560 is depicted in FIG. 
15. No height adjustment mechanism, scissor arms, 
or linear damping feature is present, although it is con- 
templated that any one or more of those elements 
could be added. Instead of scissor arms, the stability 
of plate 520 is ensured by rod 540 that travels in a pair 
of brackets with parallel slots 545 (one shown), which 
in turn is secured to surface 547. Alternatively, stabi- 
lity of the support arm and the suspension system can 
be assured by a pair of plates 570, which function 
similarly to brackets 70 disclosed above. Other 
means of stabilizing the suspension system are also 
contemplated, such as the above referenced rollers 
64 and channels 65 or the use of two parallel support 
arms (not shown). 

Suspension spring 600 provides a biasing force 
to the system by resisting the rotation of support arm 
560 as the cam follower means 522 and 523 guide the 
movement of cam 580. In this way the support arm 
functions essentially as described in the more com- 
plex system. The spring 600, of course, can be fixed 
at one end 601 in various ways, such as through tab 
510 attached to plate 520. It is also contemplated that 
the biasing means could alternatively comprise other 
hydraulic or mechanical devices well known to those 
of skill in the art 

In FIG. 15 damping means 525 is a shock absor- 
ber shown in phantom whose location permits the 
depicted suspension system to collapse in much the 
same way as shown in FIG. 6. Depending upon the 
desired motion and force characteristics, as well as 
the dimensional and cost constraints, shock absorber 
525 could be eliminated; or, it could be relocated to a 
vertical position between plate 520 and bottom sur- 
face 530 or other desirable positions. 

As shown in FIG. 15, the simplified suspension 
system requires only one moveable surface or plate 
520. Surface 530 could be a parallel element of the 
system, such as lower housing 10 described above, 
or it could simply be the flat floor of an operator's cab. 
Similarly, the suspension systems illustrated in the 
drawings can even be oriented 90 degrees to, for 
example, provide back support for a seat 

Another preferred embodiment of the present 
invention includes a support assembly with a spring 



assisted height adjustment mechanism. The support 
assembly itself, when latched in an adjusted position, 
operates as previously described. (See, e.g., support 
arms 60A and 60B and cam 80 in FIG. 8, and FIG.'s 

5 5 and 6 depicting the operation). The suspension sys- 
tem includes a second support surface or lower hous- 
ing 610 and a first support surface or upper housing 
620. Extensions support springs 690 are connected at 
one end to the upper housing and at the other end to 

10 a spring shaft 692 that is operatively connected to the 
support arm assembly 660 and support cam 680. The 
movement of the cam 680 is determined by curved 
surfaces on the cam that remain in contact with cam 
followers 720 and 722. Two pairs of scissor arms 635 

15 guide the motion of the suspension system and 
receive some of the force generated by weight applied 
to the top of the upper housing. The bottom of the sup- 
port arm assembly has a roller assembly 664 that 
moves along the surface of the lower housing. Other 

20 similar features previously described also are incor- 
porated in this embodiment, such as the spinner knob 
spring adjustment 614 used to control the tension in 
extension spring 690 that controls the suspension. A 
shock absorber 625, such as a three-way adjustable 

25 Gabriel shock absorber, eliminates damping. The pre- 
sent suspension also contemplates certain improve- 
ments, such as bracket extension plates 670A (FIG. 
22). These are used to distribute the force from the 
suspension springs. In the embodiment depicted in 

30 FIG. 3, it was discovered that stress concentrated in 
the area of brackets 70 where they connected to 
threaded rod 112. The extension plates 670A have 
eliminated some of this stress concentration. 

A clear view of the elements of the spring assisted 

35 height adjustment mechanism is depicted in the 
perspective view of FIG. 19. Pulling up on height 
adjustment handle 700 turns height adjustment rod 
702, which moves a pair of disengagement drive arms 
704 in the direction of arrow A. The disengagement 

40 arms have a slot 706 so that they can move freely 
without being obstructed by cam follower 722 which 
is secured to brackets 670 in a manner described ear- 
lier. Cam follower 722 rotates about an axis but does 
not move relative to bracket 670, which is why slots 

45 706 are provided for the movement of disengagement 
arms 704. At the end of the disengagement arms is 
disengagement roller assembly 708, which is made 
up of three separate rollers, two of which contact the 
support arms 660 and the other of which engages rol- 

so ler plate 710 and is aligned with cam 680 (see FIG. 
21). Spring shaft 692 is operatively connected to sup- 
port extension springs 690, and also connected to the 
end of height adjustment spring guide 732. Spring 
guide 732 assures the linear movement of height 

55 adjustment compression spring 730 which exerts a 
force as denoted by arrow C, FIG. 19. Between the 
pair of springs and spring guides is the support arm 
assembly which includes support arms 660A and 
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660B and cam 680. These parts are also connected 
to spring shaft 692. Shaft 692 passes through slot 666 
in the support arms and through hole 662 in cam 680. 
Spring shaft 692 passes through a curved slot (not 
shown) in brackets 670 similar to the slot 72 depicted s 
in FIG. 3. Support members 660A and 660B are con- 
nected by pins 695 that pass through holes 697 and 
cam slot 751 . Spring shaft 692 also maintains the sup- 
port arms and cam 680 in the configurations depicted 
in FIGS. 16-19. Guide pin 783 posses through hole 10 
667 and slot 681. 

The spring assisted height adjustment mechan- 
ism operates as follows. When height adjustment 
handle 700 is actuated to move disengagement drive 
arms in the direction of arrow A, the large center roller 15 
of disengagement roller assembly 708 encounters rol- 
ler plate 710 which transfers the thrust of the disen- 
gagement arms through the outside rollers of 
disengagement assembly 708 to push downward on 
the top of support arms 660. As the top of the support 20 
arms move downward, pins 695 move downward 
also, thus unlatching the pins from latching slots 750 
and latching teeth 752. While the support arms 660 
move, cam 680 remains stationary, because exten- 
sion springs 690 are continually pulling spring shaft 25 
692 in the direction of arrow B (FIG. 1 6). The force in 
the extension support springs 690 is typically many 
times greater than the force in height adjustment com- 
pression springs 730. When the cam rollers disen- 
gage the support arms 660 from cam 680, height 30 
adjustment compression springs 730 exert a force as 
denoted by arrow C. The vertical component of the 
force in the adjustment spring causes the spring guide 
to rotate in the direction of arrow R. The linear com- 
ponent of the extension force is resisted by the much 35 
stronger support extension springs 690. As the sup- 
port arms 660, connected in part by pins 695, rotate 
and extend upward, support springs 690 urge the sup- 
port members and pins back into reengagement with 
latch slots 750. Thus, the system is randomly adjust- 40 
able, based on whether the upper housing 620 is 
bearing any weight, and if so, how much. The use of 
two small pins 695 permits a more even distribution of 
the force in spring 690, so that teeth 752 and slots 750 
in cam 680 can be machined to smaller dimensions, 45 
thus permitting a greater number of seat adjustment 
positions. 

The spring assisted height adjustment mechan- 
ism possesses certain preferred features. For 
example, the disengagement rollers 708 are different so 
sizes, as depicted in FIG. 21. If the rollers were the 
same size, the two outside rollers would engage the 
support arms 660 would engage the support arms 
first This would cause binding, scuffing, and wear of 
the two outside rollers. As depicted in FIG. 17, the 55 
upper surface of cam 680 is recessed below the cur- 
ved surface of support arm 660 so that the smaller rol- 
lers will engage the support members before the 



larger roller engages the cam 680. Another preferred 
feature is for the curved surfaces of cam 680 that 
engage cam followers 720 and 722 to extend slightly 
beyond the curved edges of support members 680. In 
this manner, the cam followers wear better and there- 
fore possess a longer life if they contact only the har- 
dened, smooth surface of the cam. The cam is 
dimensioned more precisely than the support mem- 
bers. Therefore, if the support members were also 
contacting the cam followers, the imperfections in the 
curved surfaces of the support members would be 
transmitted through the suspension system to the 
driver, making for a very uncomfortable ride. Lock out 
plate 731 with tooth 731A (FIG. 22) is placed so that 
the tooth will stop rotation of cam 680 and only support 
arms 660 will move during the height adjustment oper- 
ation. 

Of course, it should be understood that various 
changes and modifications to the preferred embodi- 
ments described herein will be apparent to those skil- 
led in the art Such changes and modifications can be 
made without departing from the spirit and scope of 
the present invention and without diminishing its 
attendant advantages. It is, therefore, intended that 
such changes and modifications be covered by the 
following claims: 



Claims 

1. An angularly displaceable support assembly for 
use in a suspension system that maintains two 
surfaces in generally spaceable parallel relation, 
comprising: 

at least one shaft with first and second 

ends; 

a cam movably connected to said first end 
to effect the spacing of the two surfaces, said cam 
having a larger arcuate surface and a smaller 
arcuate surface, said surfaces defining a center 
point about which said cam pivots as said shaft 
arm is angularly displaced; 

means for securing said shaft and said 
cam in fixed engagement; 

means disposed at said second end of 
said shaft for permitting angular displacement of 
said shaft as the distance between the two sur- 
faces changes; and 

means for operativety connecting said 
shaft and said cam to the suspension system. 

2. The support arm assembly of Claim 1 wherein 
said means for securing further comprises means 
for moving said shaft relative to said cam when 
said cam and said shaft are disengaged. 

3. The support assembly of Claim 2 wherein said 
means for securing said cam and said shaft 
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further comprises a rod connectable to a biasing 
device in the suspension system. 

4. The support assembly of Claim 2 wherein said 
means for relative motion is a compression 5 
spring. 

5. A suspension system for maintaining two sur- 
faces in generally moveable parallel relation, 
comprising: 10 

at least one member with a generally pla- 
nar, moveable surface; 

a shaft operativeiy connected to and angu- 
larly displaceable between the two surfaces; 

a cam movably connected to one end of is 
said shaft, said cam having a larger arcuate sur- 
face and a smaller arcuate surface, said surfaces 
defining a center point 

means for disengaging said cam and said 
shaft; 20 

cam follower means for defining the move- 
ment of said cam and said shaft as said surface 
moves; 

biasing means operativeiy connected to 
said shaft for controlling the relative movement of 25 
said shaft to said cam for adjusting the height of 
said moveable surface; and 

means for biasing said moveable surface 
in relation to the other surface. 

30 

6. A suspension system, comprising: 

a first support surface and a second sup- 
port surface, generally parallel to each other; 

a pair of support arms angularly disposed 
between and movably connected between said 35 
first and second surfaces; 

a cam located at one end of and between 
said support arms, said cam being in pivotal rela- 
tion to and operative connection with said first 
surface, and said cam having a larger arcuate 40 
surface and a smaller arcuate surface that define 
a center point about which said cam pivots; 

means for holding said cam and said sup- 
port arms in fixed engagement; 

means for disengaging said support arms 45 
from said cam; 

a first biasing means for moving said sup- 
port arms relative to said cam to adjust the height 
of said first surface; 

cam follower means in operative contact so 
with each of said arcuate surfaces for controlling 
the movement of said cam as one of said surfaces 
moves relative to the other of said surfaces; 

means located at the other end of said sup- 
port arms and in operative connection with said 55 
second surface for permitting a change in the 
angular disposition of said support arm while said 
first and second surfaces move relative to each 



8. 



other, and 

a second biasing means in operative 
engagement with said support arms, with said 
cam and with said first biasing means for provid- 
ing a suspension force in the suspension system. 

The apparatus of Claim 6 wherein said first bias- 
ing means is a compression spring. 

The apparatus of Claim 6 wherein said second 
biasing means is an extension spring. 

The apparatus of Claim 6 wherein said cam 
includes latch means engageable with pins con- 
necting said support arms. 
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(g) Suspension device with cam support member and spring assisted height adjustment 

(57) A mechanical seat suspension (1) inside a 
housing comprises parallel scissor arms (35) 
and a support arm (60) with a cam (80) connec- 
ted to suspension springs (90). The support arm 
(60), which carries the substantial majority of 
the seat load, has a height adjustment means 
and a cam (80) with two arcuate surfaces 
(80A,80B) that define an imaginary pivot point 
The use of the cam (80) with the imaginary pivot 
point permits a more compact structure. Vari- 
ous embodiments of the support arm with a 
cam end and devices using the support arm are 
also disclosed. A shock absorber (25) attached 
to the outside of the scissor arms (35) dampens 
the stroke of the suspension springs (90) con- 
nected to the cam (80). The ratio of the shock 
stroke travel to the vertical movement of the 
seat (3) remains generally linear and constant, 
thus producing a more comfortable ride. Also 
included is a height adjustment mechanism on 
the support arm (60) that interlocks with the 
cam (80) by a pivoting pawl (95) and biasing 
spring (85). The height of the seat (3) is adjusted 
by the relative movement of the top portion (20) 
of the housing to the lower portion (10). The 
tension in the suspension springs (90) is adjust- 
able to compensate for the weight of the rider. 
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